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Abstract
In a recent work Nathan and Reddy (2011a) have proposed a Multi-view Black-box (MVBB) framework
for development of sustainable development indicators (SDIs) for an urban setup. The framework is
flexible to be applied to any domain or sector of urban system. In this paper the proposed MVBB
framework is applied for transportation sector of Mumbai city. The paper begins with a discussion on
transportation sector and its unsustainability links and trends. It outlines the concept of sustainable
transportation system and reviews some of the prominent sustainable transportation indicator
initiatives. In order to formalize sustainable development indicators (SDIs) for transportation sector, the
study collates the indicators from literature, placed them in Mumbai’s context and classified them into
the three dimensions of urban sustainability—economic efficiency, social wellbeing and ecological
acceptability.
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Transportation system forms the veins and arteries of the anatomy of urban life. It is 
responsible for the physical movement of people and goods. A well-functioning transport 
system is central to the development of a society. Transport gives access to resources and 
markets, health, education, and other amenities. However, inappropriately designed transport 
strategies and programs, can result in networks and services that ignore the changing needs of 
users, aggravate the condition of the poor, harm the environment, and exceed the capacity of 
public finances (World Bank, 1996). In urban areas, where intense transportation activities 
are associated with high spatial concentrations of people and activities, these socio-economic-
environmental impacts are more pronounced (Loo and Chow, 2006). Transport sector is 
considered as one of the most significant sources of unsustainability in urban areas (May et 
al., 2003). 
 
Transportation is both energy- and emission-intensive as it uses considerable quantities of 
fossil fuels, particularly oil and contributes substantially to greenhouse gas emissions (Price 
et al., 1998, Åkerman and Höjer, 2006). The world consumes more oil than any other primary 
energy,
1 and transportation accounts for more than half of the total primary oil demand (IEA, 
2008). It also accounts for 23% of total CO2 emissions, of which 73% is generated by road 
transport (IEA, 2007a). The rate of growth of transport sector energy demand was 2.3% in 
1980–2006, and its share in the total global final energy consumption has increased from 23 
to 28% during the same time period.  
 
Because of the limited substitution (mainly in road transport) and short-run price inelasticity 
for oil in transportation (Dahl, 1994; Krichene, 2002), the sector will account for three-
quarters of the projected increase in oil demand worldwide; and its share in global primary oil 
consumption in 2030 will be 57%, compared with 52% in 2006 and 38% in 1980 (IEA, 
2008). Out of the total world transportation oil demand in 2005–2030, developing countries 
will have a three-fourths share on account of faster growth in economies and populations 
compared to their developed counterparts (IEA, 2007b).
2 Urbanization and rising income 
levels have instrumented rapid increase in present and future transportation demand and 
                                                 
1 The share of oil in total primary energy demand is 34%, followed by coal, natural gas and biomass, whose 
shares are 26, 21 and 10% respectively.  
2 Developing countries will account for about three-fourths of the overall energy use and four-fifths of the 
overall oil demands during 2005–2030. 3 
 
vehicle ownership and use in developing countries (Faiz and Sturm, 2002). This has posed a 
serious challenge to energy security and sustainability of different societies and to the world 
as a whole.  
 
With regard to the future of transportation, the importance of urban areas of developing 
countries cannot be over emphasized. As Global urban observatory (2003) notes that 95 per 
cent of the buildup of humanity during 2000–2030 will occur in the urban areas of 
developing countries, and by 2015, out of the 26 mega cities of the world, 22 will be in 
developing countries (UNFPA, 1999). Because of the rapid growth of cities in the developing 
world, IEA (2008) acknowledges that the pattern of energy use in cities of developing world 
will increasingly shape the global energy use. There is a broad agreement in the literature 
about unsustainability of world transportation (Greene and Wegener, 1997; Banister, 1999; 
Hall and Pfeiffer, 2000), and cities in developing countries face more severe symptoms of 
unsustainable transportation such as traffic congestion and accidents (fatalities and injuries), 
deteriorating environmental safety and security (Gakenheimer, 1999; Vasconcellos, 2001; 
Gwilliam, 2003; Pucher et al., 2005).  
 
In this paper, we attempt to develop urban sustainability indicators for transportation sector of 
an urban setup.
3 For this purpose, the most populous city of India, i.e., Mumbai has been 
chosen. This paper executes the initial step of ascertaining the potential list of SDIs for 
transportation sector of Mumbai. First, the concept of sustainable transport system is 
outlined. Mumbai’s state of urbanization and transportation is briefed next. Then, different 
SDI initiatives in literature, both specific to and inclusive of transportation are reviewed. 
Further, the multi-view black-box (MVBB) framework, developed by Nathan and Reddy 
(2011a) has been applied to the transportation sector to contextualize and classify the 
indicators in the three dimensions—economic efficiency, social wellbeing and ecological 
acceptability. Finally, the potential list of indicators are presented with their definition, 
expression and meaning.
4  
                                                 
3 This paper is the third paper in the series. The first study (Nathan and Reddy, 2011a) established the 
conceptual framework to develop SDIs to assess sustainability of resource use in an urban setup. The second 
study (Nathan and Reddy, 2011b) builds the criteria selection framework and methodology to arrive at final set 
of indicators from a potential list.  
4 By listing the potential indicators, this paper prepares the foundation on which the selection framework and 
methodology established in Nathan and Reddy (2011) can be applied to ascertain the final set of SDIs for 
Mumbai’s transportation sector.    4 
 
2  Sustainable Transportation System 
The concept of sustainable transportation system is based on the notion of sustainable 
development,
5 and there is a multitude of definitions.
6 As per one definition, a ‘sustainable 
transportation system’ is defined as the one in which fuel consumption, vehicle emissions, 
safety, congestion, and social and economic access are of such levels that they can be 
sustained into the indefinite future without causing great or irreparable harm to future 
generations of people throughout the world (Richardson, 1999). By another definition, 
sustainable transportation attempts to address economic development, environmental 
stewardship, and social equity of current and future generations (Zietsman and Rilett, 2001). 
Richardson (2005) notes, irrespective of specific definition of sustainable transportation, 
there is consensus on ‘‘triple bottom line’’ of economic, social and environmental 
sustainability.
7 These three dimensions of transportation sustainability as conceptualized by 
World Bank (1996) are as follows. Economic sustainability of transportation ensures 
continuing capability to support the transportation demand with cost-effective and 
competitive solutions. Social sustainability addresses the transportation needs of poor and 
confirms equitable sharing of benefits of transportation by all sections of society. 
Environmental sustainability relates to transportation which reduces the negative impacts on 
environment and thereby generates the greatest possible improvement in the general quality 
of life. This concept of transport sustainability confirms well with the three components of 
urban sustainability—economic efficiency (EE), social wellbeing (SW) and ecological 
acceptability—of multi-view black-box (MVBB) framework as conceived in Nathan and 
Reddy (2011a).
8 The three dimensions are elaborated further. 
 
Economic dimension in transportation looks into the productivity of its resource use, its 
contribution to the economy and satisfaction of economic needs of people. Also, from 
economic point of view, transportation sector not only facilitates business, but it is a business 
                                                 
5 The most widely accepted definition of sustainable development as put forwarded by Brundtland Commission 
report of 1987—that introduced inter- and intra-generation equity—is ‘the development which meets the needs 
of the present without endangering the ability of future generation to meet their own needs’ (WECD, 1987). For 
a brief discussion on notion of sustainable development, see Nathan and Reddy (2011a). 
6 For definition, meaning and scope of sustainable transport system see Gordon (1995), O’Rourke and Lawrence 
(1995), Black (1996), Duleep (1997), Transportation Research Board (1997), Richardson (1999, 2000), 
Zietsman and Rilett (2001) among others.  
7 This triple bottom line definition of transport sustainability is conceptualized by World Bank (1996) and 
adopted by TAC (1999), Loo (2002), Schipper (2003), Schiller et al. (2010) among others. 
8 The multiple views in MVBB framework are nothing but economic efficiency view (EE-view), social 
wellbeing view (SW-view), and ecological acceptability view (EA-view). 5 
 
by itself. Transportation needs to be cost-effective to be financially sustainable. 
Acknowledging the importance of economic dimension of transportation, World Bank (1996) 
suggests that economic sustainability requires sustainability in vehicle fleet, transportation 
infrastructure and public transportation system. Transport services—as agents of change—not 
only contribute to the economy through production of vehicles, production of fuels that 
power the vehicles and provision of transport infrastructure, but also ‘creates’ raw material 
and labor, which is otherwise unusable due to its inaccessibility, and ‘combine’ (unite) them 
by broadening the areas of the business activity (WBCSD, 2004).
9  Literature concerned with 
developing world has shown that though transportation is not a panacea to poverty, it has 
enhanced the agricultural outputs and access to market and essential services (Binswanger et 
al., 1993; Jacoby, 1998).   
 
Transportation sector is governed by social changes (Black and Nijkamp, 2002). Also, 
transportation planning has consequences on social dimensions like equity and exclusion 
(Ahmed et al., 2008, Kenyon et al, 2002). The prioritization of highway development over 
public transportation has had inequitable effects on low-income populations, often restricting 
their ability to access social and economic opportunities, including job opportunities, 
education, health care services (Sa´nchez et al., 2003). Relative emphasis on people who are 
already motor-mobile as against the ones who are walking or unconnected with the existing 
transportation network would increase the rich poor gap in the society. Also poor in the cities 
tend to spend more on transportation (Laquian, 2004). In the cities of many developing 
countries, poor families sometimes spend up to 20% of their income on transport, while the 
average family does not even require half that sum for its mobility needs (GTZ, 2002). Safety 
of human life has also become a major concern in transportation. As per World Health 
Organization (WHO) Global Burden Disease study (Murray and Lopez, 1996; WHO, 2002), 
road traffic injuries in developing countries are the cause for one fourth of injury-related 
deaths. It is ranked ninth in the overall cause of death in 1990, which is likely to rise to the 
sixth rank by 2020, with India, in particular, bearing the most of the burden.    
 
Environment dimension of transportation is concerned with renewability of resource use and 
cleaner environment for current and future generation. Transportation contributes 
                                                 
9 This has been evidenced in a study (Baum and Kurte 2002) in Germany, where the authors concluded that 
transportation was “responsible” for nearly half the growth that occurred in Germany post-World War II, i.e., 
during 1950–1990.  6 
 
significantly to environment pollution. Globally, transport sector produces 14% of GHG 
emissions (Hensher, 2008). Loo (2002) has noted that as per World Health Organization 
(WHO), in 1999, vehicles are responsible for as much as 90–95% of CO and lead, and 60–
70% of nitrogen oxide and hydrocarbon emissions from anthropogenic sources in city 
centers. Traffic noise, a nuisance of transportation, has also been considered as one of the 
major factors in decreasing the quality of ambience (WHO, 2000; Poudenx, 2008). The 
environmental impact of transportation must be checked, as the same, if left unchecked, can 
become so great that they inhibit transport systems from performing their central and minimal 
economic and social roles (WBCSD, 2004). 
 
The sustainability analysis looks into both the positive and negative aspects of the 
transportation system (Richardson, 2005).
10 Sustainable transportation system strategizes a 
compromise between these positives (benefits associated with transportation) and negatives 
(i.e., negative externalities of transportation) over the short to long term (World Bank, 1996). 
Sustainable transport planning requires integration of environmental, social, and economic 
factors in order to develop optimal solutions to many pressing issues, especially energy 
security, emissions, and climate change (Schiller et al., 2010). Sustainable transportation is 
faced with multitude of challenges (Lindquist, 1998; Zietsman, 2000). However, once clearly 
defined, quantified and used in the decision-making process, sustainable transportation can 
potentially address economic development, environmental stewardship, and social equity of 
current and future generations (Zietsman and Rilett, 2001). A high priority needs to be placed 
on sustainability issues of urban transportation, because it represents the largest and the 
greatest environmental and social opportunity to improving community quality of life (May 
et al., 2003; Holden and Norland, 2005). Transportation system is complex, and this 
complexity derives from the pluralism of its hardware (infrastructure and vehicles – with 
various mode types) and of the people and organizations involved. Each of the stakeholders 
in the transportation system—local, state, and federal governments; the fuel and motor-
vehicle industries; and public-transportation providers, users, and others—will have roles to 
play in moving towards sustainability (Richardson, 2000; 2005). 
 
                                                 
10 The positives associated with transportation are mobility, comfort, saving in terms of time, increase in 
productivity, enhancing equity and contributing to economy through transportation sector. The negative 
externalities can be air pollution, noise pollution, accidents, congestion, consumption of land, loss of habitat, 
waste disposal problem etc.   7 
 
3 Sustainable  Transportation Indicator Initiatives 
There is overwhelming literature which advocates identifying and quantifying performance 
measures for the transportation system (Zietsman and Rilett, 2001; OECD, 2002; Litman, 
2011). There have been instances of uses of multi dimensional measurement indicators in 
sustainability evaluation of transportation system.
11 Likewise other domains and sectors, in 
sustainability study of transportation sector, developed economies lead the rest. Though there 
has been a greater agreement about the three dimensions (economic, social and political) of 
sustainability, there is no consensus on the actual indicators which represent each of these 
dimensions (Jeon and Amekudzi, 2005).
12 
 
In the pursuit of search for sustainable development indicator initiatives in transportation, the 
study has considered both the SDI initiates where transportation formed a significant 
component and the important SDI initiatives exclusive to the transportation sector. In 
entirety, 21 initiates are reviewed of which 10 are holistic SDI initiatives with transportation 
sector as a constituent and 11 are exclusive initiatives to assess the sustainability of 
transportation sector (Table 5.1).
13 The scope for about half of the initiatives reviewed, i.e., 
11 out of 21 pertain to sustainability of urban areas, whereas eight are country level studies, 
one each is provincial and transnational.
14 Table 5.1 gives the scope and coverage of the 
initiatives.
15 The dominance of developed economies in indicator initiatives is evident from 
the reviewed list. Out of the 21 initiations, two-thirds, i.e., 14 are from the developed world—
six from Europe, five from North America, and two from Australia and one from Asia, i.e., 
from Japanese city, Kitakyushu (Dhakal, 2002). The three developing country initiatives are 
from India (CSTI, 2007), China (Hualin, 2001) and South Africa (Cape Town, 2006). Four 
initiatives, namely, UNCSD (1996), WBCSD Mobility Indicators (Eads, 2001), OECD 
(2000c), UNCHS (2004), are of global or transcontinental. These initiatives are reviewed in 
                                                 
11 For SDI initiatives in transportation see, Jeon and Amekudzi  (2005) and Jeon et al. (2007), among others. 
12 Four of the 11 transportation specific initiatives covered in the present literature review have upfront grouped 
the indicators under social, economic and environment dimensions. 
13 The exclusiveness of the initiatives to transportation has been mentioned in the third column of Table 5.1.  
14 Though the current study aims at developing SDIs for transportation for a city, initiatives with provincial, 
national and regional scope are included because the indicators which are important from country or regional 
perspective might as well turn relevant for a city. 
15 Here ‘scope’ and ‘coverage’ have different connotations. For a particular initiative scope and coverage can be 
different. For instance, the initiatives—quality of life study of London (2004), indicator program in China 
(Hualin, 2001), EU Local Sustainability Initiative (EC, 2001) and urban indicator program by UNCHS (2004)—
though urban in scope, the coverage is city-based, national, continental and global respectively. 8 
 
order to collate indicators related to transportation, which have relevance in Mumbai’s 
context.
16 Before returning to indicators, it is worthwhile to review briefly the transportation 
situation in India in general and Mumbai in particular. 
 
Table 1  Summary of transportation indicator initiatives reviewed  
Initiative Scope*  Whether 
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16 This exercise in conjunction with discussion with different stakeholders resulted in set of potential indicators 
(listed in Table 5.2). 9 
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# Pressure–state–response (PSR) framework, developed and popularized by OECD (2003) is such a 
conceptual approach widely used in SDI initiatives. ‘Pressure’ indicators represent human activities, processes, 
and patterns that impact on sustainable development either positively or negatively. ‘State’ indicators provide a 
reading on the present state of affairs, while ‘response’ indicators are societal actions aimed at reducing 
sustainability risks and pursuing sustainable development. 
+System framework, based on extended urban metabolism model (EUMM), has been developed by Newman et 
al. (1996). EUMM views cities as systems requiring key resources which are drawn into the urban processes and 
transforming them into desirable outputs (livability) and waste. 
^This has been referenced as Sustainable Seattle (2004)  
* Coverage of the program is provided in parenthesis when it does not match with scope 10 
 
4  Mumbai – the City under Study 
The rationale of choice of Mumbai as the city under study is manifold.
17 Mumbai is the 
biggest city in India, population wise (MCGM, 2010). It is the second most populous city in 
the world after Shanghai (World Gazetteer, 2011). The population growth and growth rate of 
Mumbai are given in Figure 1. The growth rate of population has declined during 1971–2001. 
Since 1981, Mumbai has been growing at a slower pace compared to average urban India. 
The population is projected to grow between 15 and 21 million by 2030 (MCGM, 2010). 
 
   
Source: MCGM (2010) [Primary source: India’s census data from 1901 to 2001]  
Figure 1  Population, and population growth rate in Mumbai: 1901-2001 
 
Mumbai is not only the most populous city of India, it the densest (MCGM, 2009). It has a 
land area of 466.35 sqkm and a population density of 43,583 per sq km. About 60% of the 
people of Mumbai live in slums. The shortage of land and high population density throws 
multitude of challenges to the transportation sector of the city. Despite 80% of commuters 
using public transport, the congestion is still high on Mumbai roads due to high traffic density 
                                                 
17 Apart from the coincidence of its location, (i.e., IGIDR is being in the same city), Mumbai–the financial 
capital of country– has been chosen for the current study as it is the most populous city of India with migrants 
from all over the country making the place a congregation of various communities and cultures. Both poverty 
and wealth are in ample and extremities and so is the resource use pattern. This wider spectrum of socio-
































































(MCGM, 2010). The high traffic volume and infrastructure constrains in Mumbai get 
reflected by the fact that 75% of the road fatalities are of pedestrians (World Bank, 2002).  
 
Mumbai is equipped with both bus and train services, which is considered superior compared 
to other Indian cities (Pucher et al., 2005). The popular and environmentally clean mode of 
public transport is electrically operated suburban railways; it is punctual and purposeful, but 
overcrowded (MCGM, 2009; MCGM, 2010). The rail network consists of two suburban 
systems, namely, Central Railway and Western Railway, spanning for 319 km and carrying 
close to 700,000 population daily (MMRDA, 2009). The environment friendly suburban rail 
transport has a big question mark on the safety and security of the passengers with approx 
4,000 people dying every year on travel (MCGM, 2010). The BEST (Bombay Electric 
Supply & Transport) operates 3,587 buses on 370 routes carrying 43,000 passengers daily 
(MCGM, 2010).  
 
With inputs from various studies by leading organizations like World Bank, UNEP/WHO, 
TERI, CPCB (2010) has reported that for Mumbai transportation sector contributes 92% of 
the carbon monoxide (CO), 60% of nitrogen oxides (NOX), up to 16% of particulate matter 
and up to 4% of sulphur dioxide (SO2) to the city. The large population base, high population 
density, land and infrastructural constraints, road congestions, overcrowding in trains, and 
safety and security challenges of the commuters makes Mumbai as an interesting case study 
for transportation sustainability. The socio-economic characteristics of the city make it all the 
more interesting. Mumbai is the financial capital having majority of populace as slum 
dwellers; it exults its wealth and at the same time faces the impact of urban poverty, dwarfing 
other major India cities in its extent and complexity (MCGM, 2010). 
 
5  Application of MVBB Framework to Transportation Sector 
Literature has considered different frameworks to assess the sustainability of transportation 
through indicators,
18 and there is no single standard framework (Jeon and Amekudzi, 2005). 
Here, we will enforce the MVBB framework developed in Nathan and Reddy (2011a). 
MVBB framework is a modification on systems framework where first, a black-box model is 
introduced by eliminating the system dynamics component from conventional EUMM model 
                                                 
18 For example of different sustainable development indicator initiatives in transportation, see Black et al 
(2002), Jeon and Amekudzi (2005), Richardson (2005), among others.   12 
 
and then, a three-dimensional view—economic efficiency (EE), social wellbeing (SW) and 
ecological acceptability (EA)—is employed on the model to incorporate the sustainable 
development paradigm (Nathan and Reddy, 2011a). The basic sustainability goal in systems 
framework, i.e., the futuristic agenda of ‘reduced input’, ‘greater livability’ and ‘reduced 
waste’, remains same for MVBB framework.   
 
Figure 2 shows application of MVBB framework to transportation sector. The framework 
treats the urban transportation sector as a black-box and focuses on the observable parameters 
at the boundary through its three views, namely, economic efficiency (EE-view), social 
























Figure 2  Multi-view black-box framework (MVBB) applied to urban 
transportation system 
 
The input resources to transportation sector are vehicles, energy carriers like petrol and diesel 
to fuel the vehicles, and the material to construct roads and rail networks. The desired output 
or livability means the optimal mobility of goods and people leading to greater accessibility 
to workplace, school, hospital, market, recreation and other basic services with ‘healthier’ 
and comfortable travel. The undesirable output or waste includes air pollutants, traffic noise, 
solid waste and accidents. The goal of sustainable transportation under MVBB is to achieve 
  Mobility (goods, people) 
  Economic benefits 
  Improved quality of travel 
(reduced time, improved 





  Vehicular air pollutants 
  Vehicle scraps 




  Vehicles 
  Energy (fuels) 




















greater livability with reduced resource inputs and reduced waste through higher efficiency, 
greater wellbeing and better environmental compatibility.
19 In order to capture sustainable 
development indicators (SDIs), the transportation system is subjected to the following three 
simultaneous views. 
 
EE (Economic efficiency) view: This view looks into the energy efficiency, financial 
efficiency and also, infrastructural and system efficiency of the transportation sector of the 
city. Economic sustainability requires that resources be used efficiently and that assets be 
maintained properly. 
SW (Social wellbeing) view: This view constitutes equity in transportation, extent of public 
transportation, and impact on public health on account of transportation. Social sustainability 
requires that the benefits of improved transport reach all the sections of the community. 
EA (Environmental acceptability) view: This view signifies pollution reduction, waste 
recycling, and diffusion of clean technologies. Environmental and ecological sustainability 
requires that the external effects of transport be taken into account fully when public or 
private decisions are made that determine future development. 
 
There can be conceptual overlap across these three views, which means an indicator may 
have relevance to more than one of the three views. Therefore, while evaluating the indicator, 
its relevance both to the view under which it is grouped and to overall sustainability must be 
considered. 
 
6  Potential SDIs for Transportation System of Mumbai 
The idea of considering a potential list of indicators and applying a set of criteria to arrive at 
the final list is prevalent in the indicator research. Table 2 gives the potential list of indicators 
pertinent to Mumbai transportation system.
20 This list has been prepared by revisiting the 
indicator initiatives listed in the Section 3 (Table 1) and considering the indicators which has 
relevance in the context of Mumbai.  
  
                                                 
19 A similar spirited goal for transportation system has been put forwarded by Schiller et al. (2010, p. xxi) 
20 The exercise of asserting the final list of indicators is out of the scope of this paper. This exercise is being 
attempted in a companion paper. 14 
 
Table 2  Potential SDIs for Mumbai Transportation System 
Code  POTENTIAL INDICATORS  INDICATION INSTANCES OF USE
Economic efficiency EE-view indicators 
EE01  Transport energy efficiency 
(Monetary) 
                          











                            


















                            

















                            



















                            















                 




                                                 
21 EU (EEA, 2010) and Nova Scotia (GPI, 2006) have considered energy efficiency in terms of VKT. 
22 CST (2002) looks into energy per unit cumulative VKT considering cars and trucks together.  
23 For OECD (2000c) the indicator transport intensity is calculated by dividing transport utility (PKT) by the 
GDP of the country. In that way this indicator shows the transport dependency of the country’s economy. 
However, here a different indicator ‘EE16 – contribution of transport sector to the GDP’ is used for the same 
purpose. 
24 The significance of the lower value of the indicator may sometimes signal inadequate provision of transport 
facility at the first place, which of course is not true for Mumbai. 
25 Cape Town (2006) considers total energy, not per capita. 15 
 






                        











                        


















                                 



























                                  
















































                                                 
26 Considering Mumbai’s case of congested roads and large number of vehicles, the higher the value of the 
indicator, the better it is. 
27 CSTI (2007) has considered modal splits for the passengers, not exactly PKT. 16 
 































  Social wellbeing SW-view indicators
SW01  Share of Commuters using Public 
Transport  
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28 Too high a value may mean significant portion of land going simply for parking. 
29 Cape Town (2006) considers parking space per capita. 
30 New Zealand (2011) measures the quality of roads, not exactly potholes. 17 
 



























































































                                                 
31 Texas (Ramani et al., 2009) looks into the condition of footpath, not exactly encroachment. Similarly, New 
Zealand (2011) measures the quality of footpath, not exactly encroachment.  
32 A decreasing trend may not always mean falling consumption of alcohol while driving. A lack of traffic 
vigilance by the police may also lead to fall in such cases.   
33 A decreasing trend may not always mean falling instances of unsafe driving. A lack of traffic vigilance by the 
police may also lead to fall in such cases. 
34 Nova Scotia (GPI, 2006) considers number of children walking to the school. 
35 New Zealand (2011) accounts for social cost of traffic noise, not exactly hearing impairment 
36 New Zealand (2011) accounts for social cost of transport induced air pollution, not exactly respiratory disease. 18 
 
Code  POTENTIAL INDICATORS  INDICATION INSTANCES OF USE
New Zealand (2011)
  Ecological Acceptability EA-view indicators 
EA01  Vehicle share with cleaner fuels:  
  .                             












                             









                             















































































                                                 
37 The indicator for Bologna (2000) is share of pollution controlled vehicles. 
38 Nova Scotia (GPI, 2006) considers passenger km of non motorized transport. 19 
 






































































































7  Concluding Remarks and the Road Ahead 
This paper uses the MVBB conceptual framework for sustainable development applies the 
same in transportation domain of Mumbai city as case study. The systematic review of 
literature on sustainable transportation indicator initiatives worldwide has led to development 
of a set of potential indicators for assessing sustainability of transportation system of city of 
Mumbai. Following the MVBB framework, these 54 potential indicators are classified into 
three dimensions of urban sustainability—economic efficiency (19 indicators), social 
wellbeing (18 indicators) and ecological acceptability (17 indicators).  
 
Indicators are a must for sustainability study. Indicators are not cure by themselves. 
Nevertheless they provide clues to the cause of the disease and gives direction for treatment. 
The next step in the research is to filter this set of potential indicators to arrive at the final list. 
The indicators featuring in the final list can be monitored to prepare sustainability report card 
for the transportation sector of Mumbai. Indicators help policy preparation. The 
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